To provide further evidence of waterborne transmission of Blastocystis, a total of 31 wastewater treatment plants from geographically distinct locations across the Philippines were sampled for influent and effluent sewage samples. In vitro cultivation was the method of choice to increase sensitivity of detection. Blastocystis cysts were detected in 15% (9/62) of the samples using in vitro culture. Moreover, influent and effluent samples were 23% (7/31) and 7% (2/31) positive for the parasite, respectively. The presence of viable cysts in treated samples may be an indication of the inefficiency of the treatment process in preventing Blastocystis from entering the environment. Polymerase chain reaction and sequencing of the full-length small subunit ribosomal RNA (SSU rRNA) genes of the nine wastewater isolates were performed. The SSU rRNA gene sequences of the isolates showed very high similarity (98 to 99%) to homologous sequences of Blastocystis described previously. The phylogenetic tree constructed showed that the wastewater isolates clustered with each other with good bootstrap support and belonged to two subtypes (ST) -ST1 and ST2. This is the first report of subtyping Blastocystis isolates from wastewater samples and gives further emphasis to the remarkable genetic diversity of the parasite.
INTRODUCTION
Blastocystis sp. is one of the most frequently reported protozoan parasites in faecal samples. The parasite thrives in the human gastrointestinal tract and is strictly anaerobic in axenic culture (Tan 2008; Tan et al. 2010) . Recent data suggest that it has a worldwide distribution with prevalence ranging from 30 to 50% in developing countries, while a lower rate exists in developed countries (Yoshikawa et al. 2004a; Ö zyurt et al. 2008; Tan 2008; Wong et al. 2008; Souppart et al. 2010; Tan et al. 2010) . Owing to its highly zoonotic potential, Blastocystis sp. has been isolated in a wide array of hosts including, but not limited to, the following: monkeys, pigs, cattle, birds, amphibians, rodents, reptiles and insects (Noël et al. 2005; Rivera 2008; Yoshikawa et al. 2009 ). More recently, three new subtypes (ST) of Blastocystis have been reported: ST11, ST12 and ST13 from elephants, giraffes and quokkas, respectively (Parkar et al. 2010) .
Extensive polymorphism is exhibited by Blastocystis, with four major forms observed in culture studies: vacuolar, granular, amoeboid and cyst. The cyst form, which has a small size (2-5 mm) and is mostly ovoid and spherical in shape, was discovered more than a decade ago and is easily confused with faecal debris (Moe et al. 1996 (Moe et al. , 1999 . It has been demonstrated that the cyst is the transmissible form of the parasite and that as few as 10 to 100 cysts are sufficient to establish an infection (Yoshikawa et al. 2004b; Tanizaki et al. 2005) . Apparently, there is a paucity of studies reported in the literature regarding the analysis of Blastocystis isolates from sewage samples. Suresh et al. (2005) reported that viable cysts of the organism can survive before and after wastewater treatment. The survival of Blastocystis cysts in the environment presents an increased risk for the community because of the extensive reuse of wastewater especially in urban regions worldwide. This practice has long been employed because of its economic and considerable benefits to the general public (US EPA 2001; Salgot et al. 2006 ).
The present study aimed to isolate Blastocystis cysts in wastewater samples in the Philippines using both in vitro cultivation and molecular approaches. Additionally, the isolates recovered were subjected to phylogenetic analysis to clarify the subtype identification of Blastocystis in sewage samples.
MATERIALS AND METHODS

Sample collection and processing
A total of 62 samples (31 influent and 31 effluent) from 31 wastewater treatment plants (WTP) located in the Philippines were analysed in this study. The sampling size for each wastewater sample collected was 500 ml (both influent and effluent) and the sample was stored in sterile plastic bottles.
Each of the 31 WTPs was sampled twice from January 2009 to February 2010. In this study, influent and effluent samples were obtained separately. Varied sources from geographically distinct locations were considered in the analysis (Table 1) .
A wide variety of sampling sites were included such as residential areas and shopping malls, as well as a city jail/ police headquarters and a zoological facility.
Sewage samples were chilled and transported immediately to the laboratory. The centrifugation procedure was performed according to the methods specified by Suresh et al. (2005) with some modifications. Briefly, the sewage samples were centrifuged using a fixed angle, tabletop centrifuge at 11,180 Â g for 2 min at room temperature until the volume was reduced to around 50 ml with the pellet retained at the bottom of the tube. Further centrifugation was performed, the supernatant discarded and the pellet resuspended to 100 ml of buffer solution consisting of 137 mM NaCl, 19.6 mM Na 2 HPO 4 , 1.98 mM KH 2 PO 4 , and 3.78 mM L-asparagine prior to in vitro cultivation.
Isolation and in vitro cultivation of Blastocystis
For in vitro cultivation, 20 ml of each resuspended pellet was subjected to culture using the diphasic medium consisting of 1.5% agar overlaid with buffer solution as described above and antibiotics (Rivera 2008) . Samples observed under light microscopy exhibiting the common forms of Blastocystis (e.g. vacuolar, granular) were considered positive and incubated at 371C and subcultured every 3 or 4 days.
Genomic DNA extraction, PCR and DNA sequencing
Genomic DNA extraction was performed using phenol/ chloroform/isoamyl alcohol (Rivera et al. 1996) November 2010) for the ML analysis (Guindon et al. 2005) .
Clusters in the phylogenetic trees were only considered valid if their bootstrap support were 450% for NJ, ML and MP.
Trees were viewed using TreeView v. 1.6.6 (Page 1996) .
Nucleotide sequence accession numbers
Sequences determined in the present study were deposited in GenBank as accessions GU992411 to GU992419 (Table 3 ).
The reference sequences used are listed in Table 2 .
RESULTS AND DISCUSSION
In this study, in vitro culture method was performed to detect Blastocystis in wastewater samples. Vacuolar and granular forms of Blastocystis were observed under light microscopy.
For influent and effluent wastewater samples, 23% (7/31) and 7% (2/31) were positive for the parasite, respectively. Therefore, the rate of detection for this study was 15% (9/62) using in vitro cultivation. The seven isolates recovered from influent (untreated) samples were from shopping malls (In1 and In8) in the cities of Parañ aque and Pasay, respectively, a residential area in Quezon City (In9), a hotel/resort in Boracay Island, Malay, Aklan (In10 and In11), a zoological facility from the City of Manila (In6), and a city jail/police headquarters in Taguig City (In7) ( Table 3 ). In contrast, the two isolates acquired from effluent (treated) samples (Ef1 and Ef3) were both from residential areas in Cainta, Rizal, and Pasig City, respectively (Table 3) .
Culture-positive samples were subjected to PCR to augment the detection method employed. The isolates were 100% (9/9) positive for PCR using the specific primers, SR1F and SR1R. After purification and sequencing of the PCR products, the subtypes of the isolates were identified using BLAST search by determining the closest similarity against known Blastocystis subtypes. The length of SSU rRNA gene sequences obtained ranged from 1,693 bp (In8) to 1,764 bp (In1). Each of the new SSU rRNA gene sequences of the wastewater isolates showed very high similarity (from 98 to 99%) to homologous sequences of other Blastocystis isolates reported so far (Table 3) . In this investigation, two subtypes in the highly variable regions of SSU rRNA gene were present after alignment of sequences. Subtype 1 (ST1)
consisted of seven isolates, six from untreated sewage water (In1, In7, In8, In9, In10 and In11), and one from treated sewage water (Ef3). Subtype 2 (ST2) consisted of two isolates, one from untreated sewage water (In6) and one from treated sewage water (Ef1).
Molecular phylogenetic analysis was performed using the SSU rDNA sequences of the nine wastewater isolates along with 21 reference sequences of Blastocystis from GenBank.
The use of P. lacertae as an outgroup showed that the two subtypes (ST1 and ST2) are separated to form sister clades Blastocystis was found to be present in 15% (9/62) of the Philippine wastewater samples using in vitro cultivation. In Philippine Blastocystis isolates from humans, monkeys, pigs and chickens grow abundantly using a diphasic medium supplemented with 10% horse serum and antibiotics (Rivera 2008) . The same diphasic medium was also utilized in this study and was confirmed to be useful in detecting and maintaining environmental isolates.
Despite the advantage of using in vitro propagation, due to its increased sensitivity in detecting Blastocystis, isolates grown in culture may inaccurately depict the parasite population sampled. In the case of mixed infections wherein a host carries more than one subtype, in vitro methods may favour 100/100/100
Figure 1 9 9 9 9 Molecular phylogeny of Blastocystis isolates inferred from 1,471 unambiguously aligned basepairs of the SSU rRNA gene sequences and using neighbour-joining analysis.
the preferential amplification of one subtype over the other (Parkar et al. 2007; Yan et al. 2007) . For instance, the avian subtype, ST7 has a longer doubling time, about 50 h, when incubated at 371C (Ho et al. 1993) . Slow-growing subtypes are therefore at risk of being under-represented during propagation in stool samples. Wastewater samples come from varied sources and may possibly harbour a plethora of subtypes.
Although samples in this analysis came from varied sources, only two subtypes were detected, ST1 and ST2 (Table 3) . To determine the true distribution of subtypes, it is prudent to directly genotype Blastocystis DNA from stool samples as suggested by recent literature (Tan 2008; Tan et al. 2010) .
A previous study comparing detection methods for the diag- The present analysis identified ST1 in 78% (7/9) of the culture-positive samples as confirmed by PCR and sequencing while ST2 was present in 22% (2/9) of the samples (Table 3) . Multiple epidemiological surveys conducted in numerous countries implicate Blastocystis sp. ST3 as the most common and 'true' human subtype (Ö zyurt et al. Tan 2008; Wong et al. 2008; Souppart et al. 2010; Tan et al. 2010) . However, a report showed that ST1 was common in Thailand (Leelayoova et al. 2008 ) while another case study also found that ST1 has a relatively high proportion (37.1%)
2008;
in humans in Jiangxi, China (Yan et al. 2006) . In the Philippines, the most dominant genotype was ST3 among human isolates while the animal isolates showed varied subtypes (ST1, ST2, ST3 and ST6) (Rivera 2008) . However, Rivera & Tan (2005) also reported that 10 out of 12 human isolates in the Philippines were ST1 based on RFLP (restriction fragment length polymorphism) analysis of the SSU rRNA gene.
This evidence of waterborne transmission is attributed to the cyst form of the parasite which is the transmissible stage.
Hosts continually excrete cysts through contamination of food, environment and water (Singh et al. 1995; Taamasri et al. 2000; Leelayoova et al. 2004; Suresh et al. 2005; Li et al. 2007 ). Reports of waterborne transmission of the parasite due to contamination of drinking water with infective cysts have been well-documented in Thailand (Leelayoova et al. , 2008 . In 1996, Zaki and colleagues demonstrated that
Blastocystis cysts can withstand chlorination at standard concentrations (Zaki et al. 1996) . The present analysis revealed that both ST1 (Ef3) and ST2 (Ef1) ( in the environment before and after wastewater treatment.
The present investigation confirms the genetic diversity of
Blastocystis isolates from environmental samples based on the phylogenetic tree generated (Figure 1 ). The major clades identified in this analysis were in agreement with previous phylogenetic studies which utilized the SSU rDNA sequence (Arisue et al. 2003; Abe 2004; Noël et al. 2005; Rivera 2008 ).
The present phylogeny showed Blastocystis sp. ST1 and ST2
isolates from sewage samples with good bootstrap support for each clade. The subtypes detected in this study (ST1 and ST2) have been implicated for zoonotic transmission and crosstransmissibility among human and animal hosts (Noël et al. 2005; Rivera 2008) . This is the first report of molecular phylogenetic analysis of Blastocystis from wastewater samples. The tree based on the SSU rDNA sequences clarified the genetic diversity and subtypes of the isolates.
The predominance of ST1 (78%) among Blastocystis isolates from sewage samples raises public health issues, especially if the parasitological risk of wastewater reuse is taken into account. Recently, Hussein et al. (2008) demonstrated that Blastocystis sp. ST1 recovered from both asymptomatic and symptomatic patients in Egypt can induce up to 25% mortality in rats and led to the conclusion that the subtype is pathogenic. Another case study demonstrated that ST1 was predominant in a group of symptomatic patients with Blastocystis infections (Yan et al. 2006) . More recently, ST1 was found to be dominant among patients with irritable bowel syndrome-diarrhoea in Pakistan (Yakoob et al. 2010) .
Although the Philippines lack strong epidemiological data on Blastocystis, nonetheless, there is a need to develop better strategies in eliminating Blastocystis and other protozoan pathogens in the environment. This should be tackled by stakeholders and eventually incorporated into a relevant and responsive public health policy.
CONCLUSION
The present analysis showed that Blastocystis isolates can survive in wastewater samples before and after treatment.
These findings suggest that viable cysts have the capability to withstand several treatment processes currently employed. 
